tients was 13.6%. RFS, CSS, and OS were significantly correlated with pathological margin status, LN density, the total diameter of evident metastases, and membership in the subgroup 'micrometastases only'. Conclusion: Despite the presence of LN metastases, patients with a low nodal tumor burden demonstrate a remarkable clinical outcome after undergoing eSLND and RRP, thus suggesting a potential curative therapeutic approach.
method of choice for detecting LNI [2] . Extended PLND (ePLND) and gamma probe-guided sentinel lymph node dissection (SLND), which is easier to perform and more accurate, increase the detection rate of LNI compared with standard PLND and limited lymphadenectomy (lPLND) [3, 4] , which fail to detect a significant number of lymph node (LN) metastases [5] . Furthermore, ePLND and SLND may significantly improve RFS by removing an increased number of remote positive LNs and occult micrometastases [6] . Some authors have reported a therapeutic effect of ePLND only in high-risk PCa patients [7] [8] [9] , whereas others have observed this effect in LNpositive and LN-negative PCa patients alike [7, 10, 11] . In addition, other studies have failed to identify the therapeutic value of PLND [12, 13] . Considering all adjuvant and secondary treatment procedures, the current study sought to evaluate the clinical outcome of pN1 patients presenting with clinically localized PCa following radical retropubic prostatectomy (RRP) and open bilateral extended SLND (eSLND).
Subjects and Methods

Study Design
A retrospective analysis of clinical follow-up data was performed in a total of 819 consecutive patients with clinically localized PCa, histologically confirmed after rectal examination, abdominal and pelvic computerized tomography, bone scintigraphy, and chest X-ray. At the urological clinic of the Prostatazentrum Hochfranken-Fichtelgebirge, these patients underwent RRP in combination with open bilateral eSLND. A prospective analysis of perioperative data was registered in the data bank of the prostate center by an assigned study nurse.
Technique of Lymphadenectomy and Histopathological Evaluation
In 1999, Wawroschek first described the technique of SLND that we performed in this study [3, 14] . After injecting technetium99m nanocolloid, scintigraphic imaging was conducted. During surgery, radioactive marked pelvic sentinel LNs (SLNs) were identified via gamma probe and resected. In addition to the removal all of marked SLNs from the presacrum to the common iliac artery (SLND), LNs were routinely and fully dissected via standard PLND in the obturator fossa and along the external iliac vein. In addition, enlarged LNs on palpation were dissected by means of eSLND at the external, internal, and common iliac artery as well as in the pararectal region.
Serial sections, with 32 step intersections at most to detect micrometastases (<2 mm), and immunohistochemical samples with 2 step intersections (anti-cytokeratin AE1/3 Zytomed-Systems ® using on-slide positive controls) at most were performed in all SLNs to identify isolated tumor cells (i+/-). Non-SLNs were examined as usual with 2 step intersections. This histological examination method was carried out by 4 histopathologists of one single institution.
Clinical Outcome
The patients were treated as outpatients mainly by regional urological specialists during the preoperative and postoperative phases. Routine follow-up included digital rectal examination, serum PSA evaluation, and sonographic examination. Additionally, transrectal ultrasound, computerized tomography, magnetic resonance imaging, skeletal scintigraphy, and positron emission tomography were optional diagnostic procedures if there was evidence of systemic progression or an elevated PSA level. The primary endpoint of the study remained PSA recurrence, which was defined as a serum PSA elevation >0.2 ng/ml after an initial postoperative drop of <0.07 ng/ml. The time period from RRP and eSLND until PSA recurrence was defined as biochemical RFS. Complete response (CR), partial response (PR), stable disease (SD), progression, and mortality were also investigated. CSS and overall survival (OS) were determined based on the time of operation until PCa-related death or death due to other causes.
The complete follow-up data were recorded by the original author via standardized evaluation forms, sent to the attending urologists, and registered in the prostate center's data bank. In cases of missing or unclear data, we contacted physicians, patients, relatives, or the respective registration office.
Statistical Analysis
Mean values, standard deviations, median values, ranges, and incidence rates were determined via descriptive analysis. KaplanMeier curves were used to determine RFS, CSS, and OS. The event dates of two patient groups were compared via log-rank tests. Univariate and multivariate Cox regression analysis was used to examine the effect of various histological variables on RFS, CSS, and OS. For multivariate analyses, an initial multivariate model was adapted to 8 preselected parameters before variables were selected.
SPSS software was used for all analyses, with p < 0.05 indicating statistical significance. Figure 1 shows the distribution of the patients according to therapy and clinical response. Postoperatively, 117 (83.6%) of the 140 node-positive patients were treated with androgen deprivation (AD) for up to 24 months (4 patients up to 36 months). In regard to recurrence, secondary therapy was delivered to 77 patients (55%). Thereby, 22.1% of the patients underwent AD, 9.3% radiotherapy (RT), 2.9% chemotherapy, 12.1% combined AD and RT, 5.0% combined AD and chemotherapy, and 3.6% a combination of AD, RT, and chemotherapy.
Patients
Data Collection
For the evaluation of patient records, relevant parameters were selected and examined in regard to the intended data analysis. This evaluation included preoperative data, surgical treatment, and, finally, postoperative follow-up data. The tumor burden of LNI per patient was determined according to the following variables: (1) the total number of nonaffected and affected SLN as well as the equivalent number of non-SLN; (2) the total diameter (in millimeters) of affected SLN and non-SLN metastases; (3) the presence of macro-and/or micrometastases (micrometastasis defined as >0.2 and ≤ 2 mm) [15] .
Results
Characteristics of the Patients and LN Metastases
The mean age of the pN1 study population was 67.1 years at the time of surgery. After grouping the various risk values for LNI using Partin tables (2001 version), the probability of developing LN metastasis appeared to be underestimated, especially in the groups with a median value above 5%. Preoperative AD was often selected by patients and attending urologists while deciding on and/ or waiting for the operation ( fig. 1 ). According to the follow-up data of table 1 , the mean follow-up period lasted 5 years. In the pN1 group, 39% of the patients suffered PSA recurrence by the time of the final follow-up, and PCa-related mortality amounted to 13.6% in this group.
In 9 patients (6.4%), SLNs could not be identified via technetium-99 nanocolloid; 7.9% of the patients did not show tumor-positive SLNs histopathologically. In these cases, only non-SLNs were affected. Thus, via eSLND ( table 2 ), 184 SLN metastases, with a mean of 1.5 SLNs per patient (range: 1-6), were detected in 120 patients. A total of 20 patients presented only with positive non-SLNs; 27 additional patients showed tumor disease in SLNs as well as non-SLNs. Tumor involvement of SLNs exclusively occurred in 93 patients (66.4%). In 82.1% of the patients, positive LNs would have been missed if dissection had only taken place in the region corresponding to conventional lPLND.
Upon examination of LNI, micrometastases were exclusively detected in 37.9% of the patients, and in combination with macrometastases in 15.7% ( table 2 ) . LN density (LND) was defined as percentage of positive LNs in relation to the total number of analyzed LNs; LND was ≤ 20% in 62.9% of the patients.
Stratification of Survival: RFS, CSS, and OS
The distribution of the patients according to clinical outcome after all forms of secondary therapy is presented in figure 1 . At the time of the final follow-up, 108 pN1 patients out of the 140 patients (77.1%) remained alive. Nineteen patients (13.6%) out of the 32 deceased patients died of progressive metastatic PCa. Mean RFS, RFS after secondary therapy, CSS, and OS for the pN1 study population were 4.7 (95% CI: 4.1-5. The results of the univariate analysis of pN1 patients (Kaplan-Meier curves, log-rank test) are presented in table 3 . In regard to histopathological characteristics of the primary tumor, pT stage relating to RFS and Gleason score relating to CSS and OS significantly affected the outcome of the study population. The pathological state of the intersection margin (pR), as the most important factor, significantly impacted all study endpoints. Thus, pR0-resected patients presented with longer RFS, a significantly longer RFS after secondary therapy, and improved CSS as well as OS than patients with pR1 status.
Concerning quantitative and qualitative variables of the LN metastases, the number of LN metastases, LND, the mere presence of micrometastases, and the total diameter of all LN metastases were relevant. Patients with a lower metastatic burden presented with a significantly improved outcome. Furthermore, patients with a total diameter of all LN metastases ≤ 3 mm demonstrated an advantage in RFS, RFS after secondary therapy, CSS, and OS. The most significant factor, however, was the mere presence of micrometastases, which was associated with improved RFS, RFS after secondary therapy, CSS, and OS (Kaplan-Meier curves; fig. 2 ). 
Multivariate Analysis of Potential Risk Factors
In the multivariate analysis (Cox regression analysis, table 4 ) evaluating RFS and OS, one of the most significant prognostic factors was evidence of macro-versus micrometastases. Additionally, a pathological Gleason score ≥ 8 in CSS and OS was found to be relevant. In addition, the presence of a positive intersection margin presented a disadvantage for pN1 patients in regard to RFS after secondary treatment and CSS.
Comparison of pN0 and pN1 Patients by D'Amico Risk Group Classification and Postoperative Gleason Score
To examine preoperative parameters regarding their impact on CSS, the D'Amico risk group classification is often used clinically before surgery. However, the postoperatively obtained LN status is required to differentiate prognoses concerning CSS in a clinically relevant manner. The high-risk group of pN0 patients showed improved CSS, similar to the low-risk and intermediate-risk groups, compared with pN1 patients ( fig. 3 ) . Moreover, the results shown in figure 3 further support the use of extended lymph dissection, including eSLND. The precise pN status is required to more accurately predict the postoperative prognosis. Our results also indicate that the Gleason score serves as a relevant postoperative prognostic factor for sufficient stratification of CSS only in cases with known pN status.
Discussion
Several studies have demonstrated that characteristics of the primary tumor influence the outcome of pN1 patients [1, 2, 10, [15] [16] [17] [18] . In this study, besides pathological T stage, the most relevant parameters identified via univariate and multivariate analyses included the pathological state of the intersection margin and pathological Gleason score; both factors significantly affected the outcome of the patient population. In contrast, Boorjian et al. [19] and Palapattu et al. [16] did not observe a correlation between pT stage and outcome in pN1 patients. In agreement with other studies, however, we found that patients with a more differentiated PCa showed an improved survival rate [15, 16, 18] .
The number of removed LNs and LN metastases reflects the accuracy of staging and depends on the individual degree and comprehensive dissection of LNs [15] . In our RRP patients (n = 819), pN1 patients were identi- 303 fied approximately 2-3 times more often than would have been expected using the common Partin tables, which had been adjusted using lPLND [20] . Keeping in mind perioperative complications regarding lymphoceles requiring treatment [21] , it would probably be helpful to use the recent European nomograms adjusted for ePLND from now on, which are not yet widely used [22] . In our patient population, the number of LN metastases as well as LND served as significant predictors of RFS and CSS, and numerous studies support this conclusion [1, 2, 10, [15] [16] [17] [18] . The most significant parameter affecting the outcome of pN1 patients, as confirmed by univariate and multivariate analyses, was evidence of macrometastases.
Moreover, our results concerning 5-year CCS and 5-year OS were similar to those of Bader et al. [1] and Fleischmann et al. [15] ( table 5 ) .
According to previous studies, the method and extent of PLND in LN-positive PCa remain controversial. However, the degree of PLND is significant in two ways. First, accurate staging helps predicting postoperative prognosis and affects the decision to administer adjuvant therapy [23] . Second, a greater number of LN metastases may be removed with curative intent by means of optimized LN extirpation [23] . Any benefit of lPLND is somewhat unlikely, as two-thirds of all affected LNs are missed or appear out of range from the surgical volume of dissection Years following RRP and eSLND a [26] . In this regard, the study published by Weight et al. [27] indicates that lPLND may not be necessary in patients with low-risk PCa, without any negative effect on patient outcome. Studies on SLND have reported that the combination of SLND and ePLND may improve RFS [5, 6, 14, 28] , and our results confirm this finding. Additionally, some authors have suggested a benefit in terms of RFS following the combination of RRP and ePLND [1, 2, 6, 11, 14, 17] . Concerning intermediate-and high-risk patients, Schiavina et al. [17] confirmed the positive effect of ePLND on RFS due to the removal of micrometastases despite critical tumor characteristics.
The results of Mattei et al. [25] indicate that one-third of all LN metastases are missed even using ePLND, as 16% of the nodes are localized along the common iliac vessels, 8% in the presacral/pararectal region, and 12% along the aorta and vena cava. According to our results, as mentioned in Compared with previous ePLND studies, our survival rates in the RRP study population after eSLND confirmed a reasonable benefit from this procedure ( table 5 ) . However, the treatment of our heterogeneous study cohort is debatable in regard to short-term preoperative neoadjuvant AD. Thus, it is possible that micrometastases may not have been detected histopathologically in some of our patients due to induced regression. Additionally, the total nodal count was lower than in the ePLND series of Bader et al. [1] and Schumacher et al. [18] , possibly due to their complex procedure for histopathological analysis. The heterogeneity of the study population is also debatable in regard to adjuvant therapeutic procedures. This limitation applies to our pN1 study population as well as the literature group referenced in table 5 . Although a direct comparison is difficult, the survival rates reported in the studies by Bader et al. [1] , Allaf et al. [2] , and Fleischmann et al. [15] , in which patients received neither neoadjuvant nor adjuvant therapy immediately after surgery, were compared in table 5 . In our study, patients with mere micrometastases presented similar results, if not improved results, for 5-year RFS, 5-year CSS, and 5-year OS ( table 5 ) , and studies containing heterogeneous patient groups [10, 18, 29] reported comparable postoperative survival rates ( table 5 ) .
With the restriction that this study was clearly retrospective, the data presented above support the importance of eSLND for accurate staging and carcinoma-specific outcome, specifically in regard to intermediate-risk patients.
Conclusion
Of note, our results showed that 53 patients with a low nodal tumor burden and mere evidence of micrometastases showed long-term RFS, presenting a mean RFS of 6.2 years and a mean CSS of 9.9 years. However, this result will be difficult to achieve without the routine clinical adoption of eSLND. Thus, ePLND in combination with RRP should not be withheld from patients with intermediate-or high-risk PCa, particularly if a potential curative approach is discussed. A valid alternative to ePLND may be eSLND, as their results are similar if performed routinely and frequently.
